In the study of ketosis in diabetic patients, certain problems have gone largely unanswered due to the lack of sufficiently accurate methods for blood ketone determinations. With the development of blood ketone methods accurate at low as well as high blood concentrations, it has been possible to study the problems of (1) the renal threshold for the ketone bodies, and (2) the quantitative relationship between the urinary ketone excretion and the blood ketone level.
The studies to be presented summarize the results obtained on (1) 13 diabetic patients in mild ketosis, produced by withdrawing insulin for 12 to 24 hours, a ketogenic diet for 12 to 24 hours, or a combination of a ketogenic diet and insulin withdrawal; and (2) 7 patients entering the Los Angeles County Hospital in moderate to severe ketosis (several in diabetic "coma"). In both types of patients, after initial levels of blood and urine ketone bodies were obtained, insulin and fluids were given as required by .the individual case, and blood and urine ketone levels were. followed until ketosis, as indicated by the qualitative urinary acetone test (modified Lange test), disappeared. The blood ketones 1 were determined by the Barnes-Wick (1) method, and the urine ketones by the Van Slyke (2) gravimetric method in most instances. Table I summarizes the results obtained in the diabetic patients in mild ketosis, and Table II the results in patients -in moderate to severe ketosis. Figures 1 and 2 give the clinical course, during therapy, of two of the most completely studied cases, one in mild ketosis, the other in severe ketosis. These are patients "Ha" and "Wi," from Tables I and II, From the analysis of the data given in these tables and figures, certain facts are apparent. In Table I (record of patients with blood ketone levels between 1 and 30 mgm. per cent), it is seen that even with very low blood ketone levels (5 to 10 mgm. per cent) small amounts of the ketone bodies appeared in the urine. This indicates that the absolute renal threshold for the ketone bodies in diabetic patients is very lowunder 10 mgm. per cent-in the majority of cases. While it is evident that the threshold for the ketone bodies is very low in diabetic patients, relatively small amounts appeared in the urine, less than 100 mgm. per hour, until blood levels over 20 mgm. per cent are reached. This gives a ratio under 10 for urine excretion mgm. per hour blood ketones mgms. per cent in 10 of the patients listed in Table I . In one patient ("P"), all the ratios were under 10, with one exception, where there was a marked increase in urine output per hour. In two patients ("Ho" and "St"), there were much higher ratios. Certain variations in the ratios at low blood levels can be explained on the basis of marked variations in urinary output per hour.
The great increase in urinary ketone excretion per hour with blood ketone levels over 20 mgm. per cent is seen in Table II (blood ketone levels from 35 to 150 + mgm. per cent). The amount of urine ketones excreted per hour at comparable blood levels varied greatly from patient to patient. As the amount of the urinary ketone excretion is very small as contrasted to the amount utilized (3), this may partially explain this difference. These results in patients in moderate to severe ketosis indicate a complex relationship between the blood ketone level and the urinary ketone output per hour. When the urinary ketone output per hour is charted against the blood level, a 235 Table II ). When these data from Figure 3 are expressed as a relationship between blood level and a ratio between urine ketone excretion mgm. per hour and blood ketone level in mgm. per cent, a straight line is obtained, with the point of origin passing through the blood level around 20 mgm. per cent (Figure 4 ). In the Table I) majority of the cases, a somewhat similar relationship was found, with a marked falling off of the ratio at blood levels under 20 mgm. per cent.
Studies in 5 patients included the determination of both acetone (including acetoacetic acid and acetone) and beta-hydroxybutyric acid in the urine, at varying blood levels-2 to 78 mgm. per cent. The results are listed in Table III . In patients "Ha" and "K," acetone represented approximately 80 per cent of the ketone bodies in the urine at the lower blood levels. In patient "P," the urinary acetone rose from 11 per cent, at a blood ketone level of 19 mgm. per cent, to 41 per cent, at a blood ketone level of 2.9 mgm. per cent. In patient "B," the urinary acetone rose from 42 to 100 per cent, with corresponding change in blood ketone level from 6 to 1.7 mgm. per cent. In patient "D," there was only a slight increase in percentage of acetone at the lower blood ketone levels.
In studying the data summarized above, certain other points of interest were noted. In all the patients in moderate to severe ketosis, the carbon dioxide combining power was determined repeatedly and synchronously with the blood ketone determinations. The lack of specific correlation in different patients between the carbon dioxide combining power and the blood ketone level is seen in Table IV . (This reaffirms the previous work of many.) In this table it is seen that. one patient with a carbon dioxide combining power of 10 volumes per cent had a blood ketone level of 80 mgm. per cent, while another patient with a carbon dioxide combining power of 16 volumes per cent had a blood ketone level over 150 mgm. per cent. Since the carbon dioxide combining power is only a measure of the alkali reserve, and this is determined by many factors other than the degree of ketosis in uncontrolled diabetes, it is obvious why the two determinations are not more closely related. Table V shows the low urinary ketone output per hour in a patient with uremia and oliguria. In this patient with blood ketone levels over 150 mgm. per cent, 61.7 to 455 mgm. per hour were excreted in the urine.
DISCUSSION
There are few quantitative figures given in the literature on the relationship between blood and urine ketone levels. The impression,. however, is given that there is no correlation. As Peters and Van Slyke (4) state: "The relation between blood and urine ketones has not been studied; but the data of Allen, Stillman and Fitz show a peculiar lack of association between the two." In studying the data of these authors (5) , it is noted that the total urinary ketone excretion for 24 hours, with varying diets or starvation, is correlated apparently with one or two blood ketone levels. As variations occur during the 24 hours, it is impossible to draw conclusions from their data, although their results do show very small urinary ketone output at low blood ketone levels. Also there are very few references to the renal threshold for the ketone bodies in the literature. The work of Wilder (6) on the injection of beta-hydroxybutyric and acetoacetic acid into dogs, suggested a urinary threshold, since 0.4 gram per kgm. of body weight had to be injected before beta-hydroxybutyric acid appeared in the urine. Briggs and Shaffer (7) conclude from their studies that acetone is a non-threshold substance, and the concentration in the urine parallels the concentration in the blood. These authors, and also Widmark (8) , state that under certain conditions acetone can diffuse into the urinary bladder directly from the blood, like alcohol, with- substances is clearly demonstrated, as there is a striking change in the ratio at low and high blood concentrations. This, again, is in distinct contrast to threshold substances, like urea, where the threshold is proportional to the blood concentration. Addis and Drury (10, 11) showed with urea "That under certain special conditions the rate of urea excre-tion becomes directly proportional to the blood urea concentration, so that in any one individual urea in 1 hour's urine . the ratio:
. sacntt urea in 100 cc. of blood with only narrow limits of variation, over a wide range of blood urea concentrations." The fact that the percentage of acetone (and hence acetoacetic acid) increased proportionally to beta-hydroxybutyric acid at a very low blood level suggests that these substances are non-threshold substances, and would account for the majority of ketone bodies found in the urine under blood levels of 20 mgm. per cent. This is further evidence that beta-hydroxybutyric acid is a threshold substance. It thus appears to belong to the group of threshold substances, and behaves similarly to such electrolytes as chlorides (12), substances with "fixed" thresholds.
These results are of significance clinically. The qualitative urinary acetone test, in the majority of cases, roughly paralleled the quantitative total urinary ketone output. The results in one patient with uremia and oliguria suggest, however, that such a gauge of blood Jevel, i.e. urinary acetone, can be used only in the presence of adequate renal function. This has been suggested by others (13, 14) , although Briggs (15) claims that it is impossible to have ketone bodies in the blood and not in the urine, due to diffusion directly from the blood to urine in the urinary bladder. SUMMARY Studies on 20 diabetics in mild and severe ketosis have shown: 1. The low urinary output of ketone bodies (less than 100 mgm. per hour) with blood ketone levels under 20 mgm. per cent. This is probably due largely to the excretion of acetone which appears to be a non-threshold substance.
A relationship between blood ketone levels and urinary output:
a. Increased urinary output per hour with rising blood ketone levels. b. A renal threshold for beta-hydroxybutyric acid over 20 mgm. per cent.
3. Impaired urinary excretion with renal failure.
4.
A lack of correlation between the blood ketone level and the carbon dioxide combining power.
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